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DEPARTMENT  OF  THE  ARMY 
Fort  Detrick 
Frederick,  Maryland 


CONTRIBUTION  TO  THE  STUDY  OF  THE  ANTI3I0TIC 
PROPERTIES  OF  CHLORPROMAZINE  OR  4560  HP 


/Followl-  is  a  translation  of  an  article  by 
J.  L.  E  Jon,  of  the  Laboratoire  de  Bacter- 
iologle  ae  la  Faculte  de  Medeclne  de  Paris 
(Bacteriology  Laboratory  of  the  Medical  School 
/University  of/  Paris,  presented  at  the  6  July 
1961  meeting  of  the  Societe  Francaise  de  Mic- 
roblologle  (French  Microbiology  Society)  and 
published  in  the  French-language  periodical 
Annalea  de  1* Instltut  Pasteur  (Annals  of  the 
Pasteur  Institute),  Vol  101,  No  6,  1961,  pages 
876 -686^7 


The  assumption  of  an  action  of  chlorpromazine  on 
lower  organisms  is  not  something  recent.  In  fact,  in  1953 
Decourt  and  colleagues  /j?  ana  ~5J  /bracketed  numerals  refer 
to  similarly  numbered  items  in  the  bibliography  appended  at 
the  end/  made  qualitative  studies  of  the  effect  of  increas¬ 
ing  doses  of  chlorpromazine  on  the  development  of  various 
germs,  cultivated  in  plain  water  with  the  addition  of  pep¬ 
tone  that  had  been  seeded  with  24-hour  cultures.  Moderate 
doses  (approximately  30  ^.g  per  ml)  inhibit  the  multiplica¬ 
tion  of  the  germs.  Decourt  compares  this  action  with  the 
action  observed  in  higher  organisms  and  speaks  of  "narco- 
biotic  activity".  This  activity,  almost  universal,  was  ob¬ 
served  with  similar  doses  in  such  different  microorganisms 
as  bacteria,  infusoria  ( Tetrahvmena  piriformis),  seeds  of 
higher  plants  ( Lipid lum  sativum)  or. of  lower  mushrooms 
(Sterlgmotocystls  nigra) .  However,  Decourt  points  out  three 
exceptions  to  this  rule:  narcobiosls  is  observed  in  Escher¬ 
ichia  coll .  Salmonella  lyohlmurlum  and  Acrobacter  aerocer.es 
only  with  chlorpromazine  doses  that  approach  2,000  ug  per 
ml.  Decourt,  finally,  singles  out  a  bactericidal  power  from 
this  narcobiosls.  The  bactericidal  doses  are  weak  for  some 
of  the  bacteria  studied  (50  ^ug  per  ml  for  a  staphylococcus 


o 


or  a  streptococcus),  extremely  high  for  the  rest  (greater 
than  5.000  Ug  per  ml  for  Escherichia  coll  or  Clostridium 
septlcum) .  1  —  '  '  ” 

We  have  considered  It  Interesting  to  review  these 
faots  In  the  light  of  techniques  Inspired  by  procedures  cur¬ 
rently  recommended  for  studying  fungal  antibiotics. 


MATERIAL  AND  TECHNIQUES 

We  used  pure,  powdered  chlorpromazine  (hydrochloride^ 
The  weighed  product  Is  put  in  aqueous  solution.  The  desired 
dosages  are  obtained  by  means  of  successflve  dilutions  of 
the  original  solution.  These  solutions  were  always  prepared 
extemporaneously. 

1.  During  a  first  period,  we  made  qualitative  tests 
of  the  activity  of  chlorpromazine  on  eight  germs,  all  of 
them  aerobic : 

Four  gram-nebative  germs :  Escherichia  coll.  Salmon¬ 
ella  paratyphi  A,  Proteus  vulgaris  and  Pseudomonas  aerugi¬ 
nosa.  ”  ~ 

Four  gram-positive  germs:  Staphylococcus  aureus , 
Streptococcus  fecalla.  Bacterldlum  anthracl3  and  Mycobac¬ 
terium  tuberculosis  (H57Rv). 

Increasing  doses  of  chlorpromazine  are  put  in  stop¬ 
pered  tubes  containing  10  ml  water,  with  the  addition  of 
peptono,  glucose  and  a  pH  indicator  (this  last  addition, 
which  facilitates  reading,  is  not  really  useful  except  f  -r 
weak  doses  of  chlorpromazine,  since  strong  doses  acidify 
the  medium).  Inoculation  is  uniform:  two  drops  of  a  cul¬ 
ture  in  broth,  2L-hours  old.  Two  readings  are  taken,  mac- 
croscopic  and  microscopic  (fresh  state,  Gram)  after  twenty- 
four  and  forty-eight  hours  of  incubation  at  37°C. 

For  Mycobacterium  tuberculosis  we  changed  only  the 
culture  mediums  and  the  reading  times:  the  doses  of  chlor¬ 
promazine  are  put  in  Dubos'  mediums  with  Tween-80,  inocu¬ 
lated  with  five  drops  of  a  culture  of  Mvcobaeter i urn  tuber¬ 
culosis  in  Dubos'  medium  with  Tween-80,  eight  days  old. 
Readings  were  taken  after  eight  and  fifteen  days  incubation 
at  37° C. 

2.  In  a  second  period,  since  we  had  an  Idea  of  the 
inhibitory  doses  of  chlorpromazine,  we  attempted  to  ascertain 
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whether  the  observed  action  was  bacteriostatic  or  bacter¬ 
icidal.  We  repeated  the  preceding  experiments,  but,  in¬ 
stead  of  being  satisfied  with  an  approximate  evaluation, 
we  counted  the  germs  present  in  our  water  containing  peptone 
and  glucose  plus  chlorpromazlne ,  as  well  as  in  control  water 
containing  peptone  and  glucose.  W*  made  our  court  at  the 
moment  of  inoculation,  after  twenty-four  hours  and  after 
forty-eight  hours  of  Incubation  at  37°C.,  always  using  the 
same  procedure:  removal  of  a  drop  of  the  liquid  medium 
being  studied.  Successive  dilutions  in  1:10,  1:100  l:lCOO 
and  1  : 10000  physiological  water.  A  streak  i3  made  with  a 
loop  on  agar  poured  the  evening  before  into  a  Petri  dish, 
for  each  of  the  dilutions  as  well  as  for  the  non-diluted 
medium.  The  count  Is  made  after  Incubation  for  twenty-four 
hours  at  37°C.  The  figures  correspond  to  the  number  of  col¬ 
onies  located  on  the  streak  that  carries  the  most  frequently 
readable  dilution. 

3.  Next,  while  studying  an  eventual  resistance  that 
was  acquired  to  chlorpromazlne,  we  were  able  to  perform  only 
one  experiment  on  a  liquid  medium  for  only  four  germs. 

For  Staphylococcus  aureus  and  Streptococcus  fecalis . 
we  Inoculated  a  series  of  tubes,  containing  10  ml  to  which 
peptone,  glucose  and  a  pH  indicator  had  been  added,  plus 
increasing  doses  of  chlorpromazlne  ranging  from  10  to  300 
/u g  per  ml,  with  two  drops  of  a  2^-hour  old  broth  of  the 
germ  being  studied.  After  incubation  for  twenty-four  hours 
at  37°C.,  the  tube  corresponding  to  the  highest  dose  of 
chlorpromazlne  that  still  permitted  cultivation  is  removed 
and  its  contents  will  be  UBed  to  seed  (two  drops  per  tube) 
a  new  series  of  water  containing  peptone  and  glucose  plus 
chlorpromazlne,  as  well  as  a  control  tube.  Sixteen  succes¬ 
sive  passages  are  performed. 

The  preceding  technique  cannot  be  used  for  Proteus 
vulrrarls  and  Pseudomonas  aerurlnosa.  due  to  the  large  a- 
mounts  of  chlorpromazlne  that  are  required.  The  experiments, 
still  based  on  the  same  principle,  v?ere  performed  in  hemoly¬ 
sis  tubes  containing  1  ml  water  with  peptone  and  glucose 
plus  chlorpromazlne.  Inoculation  was  with  one  drop  of  a  24- 
hour  old  brotn,  diluted  to  1:100. 

4,  Finally,  we  studied,  in  viva,  an  eventual  activ¬ 
ity  that  was  both  preventive  and  therapeutic. 

Wo  Inoculated  subcutaneously  three  lots  of  fifteen 
white  mice  with  a  virulent  strain  of  Dlplococcus  pneumoniae : 


the  first  lot,  with  0.5  ml  of  a  24-hour  old  culture  in  as¬ 
citic  bouillon;  the  second  one,  0.5  ml  of  the  same  culture 
diluted  to  1:10000;  the  third  one,  with  0.5  ml  of  a  1:10,- 
000,000  dilution.  Each  lot  was  divided  into  three  series; 
the  first  series  served  as  control;  the  second  ono  had  al¬ 
ready  rooeived,  the  evening  before,  a  subcutaneous  injection 
of  20  mg  per  kg  of  chlorpromazine;  this  injection  was  re¬ 
peated  at  the  time  of  the  nicrobim  inoculation.  The  third 
series  received,  simultaneously  with  the  germ,  20  mg  per  k3 
of  chlorpromazine,  both  administered  subcutaneously  in  dif¬ 
ferent  points.  The  survivors  of  series  2  and  3  received  a 
subcutaneous  injection  of  20  mg  per  kg  of  chlorpromazine 
every  twenty-four  hours. 

The  same  experiment  wa3  performed  on  two  lots  of  mice 
that  were  inoculated  with  0.5  ml  of  a  24-hour  old  culture 
of  Bacterid lum  ant hr ac 1b .  pure  and  diluted  to  i  :50,  and  on 
a  batch  of  mice  inoculated  with  a  pure  culture  of  Staphy¬ 
lococcus  aureus.  All  the  dead  animals  were  autopsied  and 
verification  seedlngs  were  made.  Organ  Bmears  (liver  and 
spleen)  were  made  systematically  and  were  stained  b.'/  means 
of  Gram's  method. 


RESULTS 

1 .  First  Series  of  Experiments.  It  reveals  an  un¬ 
deniable  ability  to  inhibit  microbian  development  (Cf. 
Table  I) , 


Table  1 
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/Log0ndj7  a) 

promazine  (in 
Gram -negative ; 


Germs  studied;  b) 
uc  per  ml ) ;  o  ) 
e)  Gram-positive. 


Doses  of  Chlor- 
Control;  d) 


Although  the  gram-negative  germs  are  only  sensitive 
to  relatively  high  doses  ( 1 00  ug  or  more),  the  grar.-r.03  i  - 
tlve  ger ...3  that  were  studied  arc  inhibited  bv  v.'oak  coses  (a 
few  jug ) .  Myc obacterlun  tuberculosis  does  not  escape  from 
this  rule.  (Kowevei*,  according  to  subsequent  experiments, 
it  seems  to  us  that  this  germ,  may  easily  and  rapidly  acquire 
a  resistance,  which,  moreover,  is  relative). 

In  the  course  of  these  experiments,  we  wore  able  to 
study  the  morphology  of  the  germs  subjected  to  the  action 
of  chlorpromazine .  All  the  motile  germs  that  we  studied 
preserve  their  motility  in  the  presence  of  chlorpromazine . 

Wit. i  Cram  Staining,  the  alterations  are  more  or  loss 
considerable:  Sac terium  anthrac is  and  Streptococcus  focal is 
display  only  a  relative  irregularity  in  size.  Staphylococ¬ 
cus  aureus  is  much  more  interesting.  Masses  of  enormous 
levuriform  shapes,  with  slightly  blurred  edges,  weakly  gram- 
positive  (all  the  more  weak  as  the  components  are  larger), 
resembling  protoplasts,  appear  in  the  middle  of  ■unaltered 
fields.  ’We  were  able  to  observe  identical  shapes  on  the 
same  germ  cultivated  in  a  hypertonic  medium  plus  chlorprom- 
azine.  We  found  the  same  levuriform  shapes  with  a  sphero- 
plastic  appearance  (gram-negative  this  time)  on  the  gram- 
negative  germs  that  we  studied.  Moreover,  greater  modifi¬ 
cations  cf  tinctorial  affinities  (certain  elements  of  nor¬ 
mal  snape  retain  the  Gram  stain  quite  definitely)  and  a 
clear  tendency  toward  auto-agglutination  must  be  noted.  All 
these  facts  can  do  nothing  more  than  suggest  a  considerable 
change  in  the  mlcroblan  wall. 
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Fig.  1 .  Growth  curves  of  Staphylococcus  aureus  in 
the  presence  of  chlorpromazine  (number  of  colonies 
in  one  drop  of  a  1:1000  dilution  of  the  medium  be¬ 
ing  studied).  1.  Control  curve;  2.  In  the  pre¬ 
sence  of  1  fug  per  ml  of  chlorpromazine;  3.  In 
the  presence  of  10  f g  per  ml  of  chlorpromaz ine ; 

4.  In  the  presence  of  more  than  120  fug  per  ml  of 
chlorpromaz ine . 

/Legend^/  Nombro  de  colonies  =  number  of  colon¬ 
ies;  temps  =  time. 
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Fig.  2.  Grc-  th  curves  of  Bar toy 'dium  ar.thrao s  in 
the  presence  of  chlorpromazine  ("number  of  colonies 
in  1  drop  of  a  1:100  dilution):  1.  Control  curve 
2.  In  the  presence  of  2  ^g  per  ml  of  chlorproma 
zlno;  3.  In  the  presence  of  4  jug  per  ml  of 
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chlorpromazlne ;  4.  In  the  presence  of  nor©  than 
5  Mg  per  ml  of  chlorpromazlne.  (Sane  legend  as 
for 'Fig.  1). 


Fig.  3.  Growth  curves  of  Salmonell a  parnt'-nhl  A 
In  the  presence  of  chlorpromazlne  (number  of  col- 
onles  In  1  drop  of  a  1:10000  dilution):  1.  Con¬ 
trol  curve.  2.  In  the  presence  of  10  por  ml 

of  chlorpromazlne.  3.  In  the  presence  of  200  jug 
per  ml  of  chlorpromazlne.  4,  In  the  presence  of 
more  than  250  Mg  per  ml  of  chlorpromazlne.  (Same 
legend  as  for  Fig.  1). 


2.  Second  Series  of  Experiments .  A  complete  report 
of  all  the  counts  made  would  be  dull,  therefore  we  shall 
only  give  the  figures  for  the  three  dosages  of  chlorproma- 
zlne  that  have  an  activity  of  different  nature,  still  re¬ 
ferring  to  the  counts  made  of  a  control  culture.  Of  course, 
all  the  Intermediary  stages  exist  between  the  apparent  in¬ 
activity  of  the  product  and  the  three  activities  taken  as 
typical. 


We  present  these  results  (Figs.  1 ,  2,  3  and  4)  in  the 
form  of  microbian  growth  curves. 

Regardless  of  the  germ  under  consideration,  the  action 
on  the  chlorpromazlne  always  seems  to  be  the  same:  with  weak 
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cioaea ,  v  bacteriostatic  action  that  hoops  Increasing 
with  the  chlorprornazlne  doses,  terminating  finally  with  a 
total  Inhibition  of  the  growth.  With  still  stronger  doses, 
the  action  becomes  bactericidal.  Thus,  the  inhibitory 
power  of  chlorprornazlne  on  raicrobian  development  muot  be 
compared  with  the  Inhibitory  ability  of  an  antibiotic. 

Figure  4  shows  us,  on  the  other  hand,  that  Pseud o- 
monaa  aeruginosa  may  very  rapidly  become  rosistant  to  doses 
of  ohlorpromazine  that  are  Initially  bactericidal. 


Growth  curves  of  Pseudomonas  aeruginosa 
in  the  presence  of  chlorprornazlne  (number  of  col¬ 
onies  in  l  drop  of  a  1:10000  dilution):  1.  Con¬ 
trol  curve.  2.  In  the  presence  of  200  ^g  per 
ml  of  chlorprornazlne .  3.  In  the  presence  of  400 

ug  per  ml  of  chlorprornazlne.  4.  In  the  presence 
df  500  |Ug  per  ml  of  chlorprornazlne. 

^Legend  \J  resistanta  =  resistant  (otherwise  Bame 
as  Fig.  1  ) . 


3.  Study  of  the  Acoulred  Res  lstar.ee .  W e  found  an 
acquired  resistance  of  a  penicillin  tyre  In  three  of  the 
four  germs  studied,  with  the  germs  adapting  themselves  in 
multiple  stages  (Cf.  Tables  II,  III  and  IV). 


The  germs  that  have  become  resistant  may  loso  their 
resistance  secondarily,  with  the  decrease  still  occurring 
in  successive  steps. 


o 


Tho  resistant  germs  always  seem  to  us  to  have  a  nor¬ 
mal  morphology. 


Tablo  II 

Study  of  tho  He 3 Istance  t.o  Chlornromaz lne  Acquired 
by  a  Strain  of  Staphylococcus  aureus 


/Legend^/  a)  Control;  b)  Doses  of  chlorproma- 
zlne  (in  jug  per  ml). 

A.  Study  In  vivo.  Although  chlorpromazine  had  an 
undeniable  narcoleptic  action  on  the  inoculated  mice,  it 
showed  Itself,  unfortunately,  to  be  lacking  in  any  anti- 
infectlous  power,  either  preventive  or  therapeutic.  All 
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the  treated  animals  died  in  the  Bame  period  of  time  as  the 
control  animals  and  presented  the  same  visceral  lesions. 


Table  III 

Study  of  the  Resistance  to  Chlorproir.azlre  Acquired 
by  a  Strain  of  Streptococcus  fecalis 


(fc)  Dosrs  n:;  -cu  ,'ml. 


2  j  U  )u  20  30  fO  GO  7O  bO  IOC  200  jOC/ j 
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/Legend J  a)  Control;  b)  Doses  of  chlorproma- 
zine  (in  jUg  per  ml). 
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DISCUSSION 


Several  orders  of  facts  seem  to  stand  out:  chlor¬ 
promazine  acts  on  germs  like  an  antibiotic.  This  activity 
does  not  appear  to  be  exerted  in  the  same  degree  on  ail  of 
them:  although  5  JUg  per  ml  are  bactericidal  for  Staphy¬ 
lococcus  aureus .  more  than  500  are  necessary  to  obtain  the 
same  action  on  Pseudomonas  aeruginosa.  In  spite  of  the 
small  number  of  species  studied,  it  seems  indeed  that  chlor- 
promazine  involves  primarily  gram-positive  germs,  since 
gram-negative  germs  have  a  quite  considerable  natural  resis¬ 
tance.  Thus  chlorpromazine  probably  acts  like  a  narrow 
bacterial  spectrum  antibiotic .  A  comparison  with  penicillin 
developed  which  was  to  be  strengthened,  on  the  one  hand,  by 
a  resistance  acquired  in  multiple  steps,  on  the  other  hand 
by  changes  in  the  microbian  wall.  Therefore,  if  we  had  to 
describe  the  antibacterial  action  of  chlorpromazine  in  one 
word,  we  would  speak  of  an  antibiotic  of  a  penicillin  type . 
This  manner  of  acting,  which  appears  to  be  specifically 
microbian,  seems  to  us  to  be  scarcely  comparable  with  the 
activities  of  chlorpromazine  on  higher  organisms.  Chlor¬ 
promazine  seems  to  us  to  be  a  neuroleptic  and  an  antibiotic. 
We  do  not  believe  that  it  I3  a  "narcobiotlc" ,  to  repeat 
Decourt's  word.  Only  the  exact  knowledge  of  the  mechanisms 
of  action  of  this  drug  could  solve  the  problem  definitively, 
but  we  are  still  quite  far  from  it. 


SUMMARY 

In  vitro,  chlorpromazine  behaves  like  a  narrow  bac¬ 
terial  spectrum  antibiotic  limited  to  gram-posltl* e  germs. 
It  is  responsible  for  parietal  alterations.  With  respect 
to  it,  germs  nay  acquire  a  resistance  in  multiple  steps. 

In  vivo,  chlorpromazine  does  not  appear  to  have  any 
action,  either  preventive  or  therapeutic. 
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